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ABSTRACT 
Seventy-f ive samples of coal from Nor thern  Alaska,  
Jarvis Creek, Nenana, Matanuska, Kenai and Bering  River  
Coal Fields were analyzed by q u a n t i t a t i v e  spectrochernical  
procedures f o r  lead, gallium, copper ,  bar ium,  beryllium, 
nickel, t i t a n i u m ,  vanadium, zirconium, cobalt, chromium, 
germanium, and tin. Other elements, of s i g n i f i c a n c e ,  
i d e n t i f i e d  from t h e  spectrograms were, gold and silver 
i d e n t i f i e d  i n  c e r t a i n  Nenana coals and s i l v e r  i n  coals 
from Chickaloon in the Matanuska f i e l d ,  i n  concen t ra t ions  
u p  t o  s e v e r a l  parts p e r  million of coa l  a sh .  
Forty-one of  the above samples were sink-floated 
t o  study t h e  d i s t r i b u t i o n  of minor e lements  between the 
organic  and inorganic phases of t h e  coals. R e l a t i v e  
a f f i n i t i e s  of the minor e lements  t o  t h e  organic matter 
in t h e  coal is  d i s c u s s e d .  
INTRODUCTION 
The Mineral I n d u s t r y  Research Laboratory a t  the 
U n i v e r s i t y  of Alaska,  has sponsored a research p r o j e c t  
for a study of p o t e n t i a l  uses of Alaskan coals.  A s  a 
p a r t  of this o v e r a l l  project samples from c o a l  fields of 
N o r t h e r n  A l a s k a  (Kukpowruk) , Nenana, Jarvis  Creek, Mata- 
nuska, Kenai, and the  Ber ing  River  were studied for dis- 
t r i b u t i o n  of minor elements  i n  coa l  ash.  The pr ' i ka ry  
o b j e c t i v e  i n  ans lyz ing  the  ashes f o r  minor elements  w a s  
t o  determine i f  any of t h e  elements  are  present i n  apprei- 
able concent ra t ion  f a r  commercial e x p l o i t a t i o n ,  t o  develop 
a d d i t i o n a l  c r i t e r i a  f o r  correlation of seams and determine 
t h e  d i s t r i b u t i o n  of minor elements  between o r g a n i c  and 
i n o r g a n i c  phases of coal .  Coal  has a proper ty  of absorb ing  
m e t a l l i c  ions from s o l u t i o n s  that comes i n  c o n t a c t ,  d u r i n g  
c o a l i f i c a t i o n  process.  However, only germanium has received 
widespread i n t e r e s t  i n  recovering commerical q u a n t i t i e s  fiom 
c o a l  and i t s  product. Actual commercial recovery of germa- 
nium f r o m  flue dust  has been done by a gas producer plant 
i n  England. 
Quantitative spectrographic procedures were used in 
analyzing f o r  the elements. The results reported herein 
include the distribution of lead, gallium, copper, barium, 
beryllium, nickel, titanium, vanadium, zirconium, cobalt, 
chromium, germanium, and t i n ,  Other elements of significance 
that were i d e n t i f i e d  from the spectra of the var ious  
samples were gold and s i l v e r  in coals from Nenana c o a l  
f i e l d .  One sample form No. 2 seam i n  this a rea ,  had a 
concen t ra t ion  of f o u r  pa r t s  per m i l l i o n  gold i n  ash. 
C e r t a i n  coals from Chickaloon a r e a  of Matanuska coal  
field kzd up t o  s e v e r a l  parts p e r  m i l l i o n  s i l v e r .  A 
detailed study of d i s t r i b u t i o n  of t h e s e  two elements 
i n  Alaskan  coa l s  is  under i n v e s t i g a t i o n .  
PREVIOUS WORK 
Cc-siderable work has been done by almost  eve ry  
major c o a l  producing count ry  i n  the world on the distribu- 
cion of minor e lements  i n  coals since Goldschmidt (1954)  
f i rs t  reported t h e  discovery of h i g h  concentrations oE 
germanium in coals  and is  w e l l  summarized by Lowry  ( 1 9 6 3 ) .  
U .  S .  G s o l o g ~ c a l  Survey (Zubovic and o t h e r s ,  1960,  1961, 
1964, 1967) ?-as done extensive work on the d i s t r i b u t i o n  
of minor e l e n e n t s  i n  c o a l s  from all t h e  major c o a l  f i e l d s  
of lower 48 S t a t e s .  No data i s  ava~lable t i l l  t h e  date 
of p u b l i c a t i o n  of t h i s  report on Alaskan c o a l s .  
Horton and Aubrey (1950) f i r s t  a t tempted  t o  explain 
the r e l a t i v e  a f f i n i t i e s  of minor elements  t o  t h e  o rgan ic  
matter i n  coa l  and Zubovic and o t h e r s  (1961) made a new 
approach to explain the relative a f f i n i t i e s  on the basis  
of percent  minor element associated w i t h  organic matter, 
ionic radius ,  ionic p o t e n t i a l ,  and ionic potential x bond 
s t r e n g t h .  
SAMPLING AND SAMPLE PREPARATION 
Samples of coal w e r e  collected from freshly exposed 
sections of coal beds i n  operating mines, abandoned mines, 
or beds exposed by natural e r o s i o n ,  Thick beds of coal 
were d iv ided  i n t o  several sections and separate samples 
were collected fo r  each section, in order to have a better 
understanding of the var ia t ion  of any trace elements within 
a seam. The sections with in  a seam are identified numer- 
ically from top to bottom. 
Sample preparation: All samples were crushed in a 
j a w  crusher followed by a roll crusher to minus 2 0  mesh 
s i z e .  A port ion of the sample w a s  ground t o  minus 60 mesh 
i n  a disc pulver izer .  Samples containing more than 
ash were separated, i n  a heavy l i q u i d  a t  1 . 5  or 1.6 Sp, G. 
a t  minus 20  mesh, prior to pulverizing. However, a l l  
samples from Matanuska and Bering River f i e l d s  were sink- 
f l o a t e d .  A s h  w a s  prepared by heating the pulverized samples 
in f l a t  porcelain dishes i n  a muffle furnace, with the 
temperature gradually raised to and kept at, 4 5 0 ~ ~  until 
all. organic  matter is oxidized. The re su l t ing  ash was 
thoroughly m i x e d  i n  an agate mortor prior to s t o r i n g  in 
plastic vials. Bed moisture in the smaples was determined 
a f t e r  equilibration as per procedure outlined under ASTM, 
designition D14l.2-56T. D e t a i l s  of sample location, sink- 
float results and analyt ica l  data are given in Table 6 ,  
i n  the Appendix. 
SPECTROGRAPHIC EQUIPMENT AND 
EXCITATION CONDITIONS 
A Jarrel-Ash, Model 78-090, 1 .5  meter Wadsworth grating 
spectrograph with r e c i p r o c a l  l inear d i s p e r s i o n  of 5.4 ~ O / m m  
i n  the  second order  w a s  used. The sample was excited i n  
direct  c u r r e n t  arc at 8.5 amperes, using a 25 micron slit 
width and a step f i l t e r .  The exposure w a s  recorded in the 
second order  from 2 1 0 0 ~ ~  and 4 8 5 0 ~ ~  u s i n g  Eastman Spectrum 
Analysis No. 1 emulsion 35mm f i l m .  The exposed films were 
processed for 3 minutes a t  68OF in D-19 deve loper  us ing  a 
Jarrel-Ash photo processor. The emulsion was cal ibra ted  
and a t t e n u a t e d  us ing a 7 s t e p  filter. 
All samples were analyzed i n  duplicate, the duplicates 
being exposed on s e p a r a t e  films. Standards were burned i n  
t r i p l i c a t e  i n i t i a l l y  t o  establish the analytical curve and 
a d d i t i o n a l l y  one standard w a s  burned for each five exposures 
made f o r  samples. G-1 and W-1 were burned to check the 
accuracy of t he  procedure. Additionally five samples of 
coal ash were analyzed by atomic absorption as an additional 
check f o r  a n a l y t i c a l  p r ec i s ion .  The percent t ransmiss ion 
of the l i n e s  were measured wi th  J a r r e l - A s h  Microphotometer 
using 12.5 micron slit opening. ~ a c k g r o u n d  correction was 
made only for  elements w h e r e  transmiss ion f o r  background 
was less than 9096. Percent t ransmiss ion  values w e r e  con- 
verted t o  log r e l a t i v e  i n t e n s i t i e s  o r  relative intensity 
r a t i o n s  using Jarrel-Ash ca l cu l a t i ng  board. 
ANALYTICAL PROCEDURE 
Indium was used as an i n t e r n a l  standard for Pb, G e ,  
Ga, and Sn,  and t o t a l  energy method (Zubovic and others ,  
1966) was adopted for Be, Cr, Co, Ti, Zr, V, Ni, Ba, and 
Cu. A r c  mix w a s  prepared by mixing LOO mg. of the  sample 
with 100 m g .  of SP-2 graphite containing 0.0267% In203,  
in a small p l a s t i c  vial in a Wig-L-Bug m i x e r ,  w i t h  one 
1/8" Plexiglas ball P e s t l e .  25 m g .  of arc mix was loaded 
i n t o  t h e  e l e c t r o d e s  and packed thoroughly w i t h  a t i g h t  
fitting steel rod. Steps 5, 6, and  7 of the filter having  
17.7%, 11.6%, and 7.7% t r a n s m i s s  ions respectively w e r e  
recorded. The d e t a i l s  of e x c i t a t i o n s  c o n d i t i o n s  are given 
i n  Table 1. 
Table 1 
EXCITATION CONDITIONS 
T o t a l  Energy Selective 
Method Volatilization 
C u r r e n t  8 .5  Amps 8.5 Amps 
Analytical gap 3 mm 4.5 mm 
Exposure time 120 Seconds 50 Seconds 
Electrodes, dia . 5/32" 1/4 " 
Electrode cavi ty ,  dia . 1/8" 3/16" 
Elec t rode  cavity, depth 3/16" 1/4 " 
Counter electrode, d ia .  5/32 " i/4 
Atmosphere A i r  A i r  
S i n c e  c e r t a i n  elements sought ,  p a r t i c u l a r l y  tin and 
germanium, were too l o w  i n  concen t r a t i on  t o  be detected 
by t h e  procedure outlined above, a more s e n s i t i v e  technique 
used by O'Neil and others (1960) w a s  adopted. This tech- 
nique uses a large quantity of sample i n  a p e l l e t  form. 
Since t h e  elements sought a r e  volatile, the exposure 
per iod is  l imi ted t o  t h e  early p e r i o d  of e x c i t a t i o n  u n t i l  
a substantial por t ion  of the elements a r e  volatizea. 
Moving plate s t u d i e s  i n d i c a t e d  t h a t  v o l a t i z a t i o n  of indium, 
l ead ,  t i n ,  germanium, and gal l ium was s u b s t a n t i a l l y  complete 
w i t h i n  t h e  f i r s t  60 seconds, a l though  copper pe r s i s t ed  even 
a f t e r  t h e  f i r s t  60 second per iod.  S e l e c t ~ v e  v o l a t l z a t i o n  
was f a c i l i t a t e d  by using l o w  c u r r e n t  of 8.5 amperes, deep 
electrode cav i ty ,  and compression of the sample t o  a p e l l e t  
form. The p e l l e t  technique w a s  found t o  improve the sensi- 
t i v i t y  s u b s t a n t i a l l y ,  although a t  a cost of possible loss 
of p rec i s ion .  Indium was used a s  i n t e r n a l  standaxd with  
t h e  In  3039 as  internal standard l i n e .  ~ n t e r n a l  s t a n d a r d  
mix w a s  prepared by mixing 0.01% In203 with 1:l m i x t u r e  of 
SP-1 graphite and Johnson-Matthey spect rographic  f lux  (60% 
l i t h i u m  t e t r a b o r a t e ,  30% s t ron t ium t e t r a b o r a t e ,  1VA cobalt 
oxide) .  A r c  mix was prepared by mixing  f i v e  parts of sample 
or  standaxd w i t h  one part of internal standard m i x .  
Charges of 40 mg. of a r c  mix w e r e  w e i g h e d  and compressed 
i n to  a pellet using a metallographic mounting press and a 
pellet  moulding assembly. Addi t ion  of a drop of ethyl  
alcohol w i t h  the sample helped to obtain a coherent pellet. 
The resulting pellet had a diameter of 11/64" and snugly 
f i t s  in the electrode cavity. The loaded electrodes w e r e  
heated in a muff l e  furnace at 4 5 0 ~ ~  for about 20 minutes 
p r i o r  to arc ing  t o  drive off any moisture contained in the 
pe l le t .  Steps 1 and 7 having transmissions of 1OVk and 
7.7% were recorded. The excitation period was for  50 
seconds. 
PREPARATION OF STANDARDS 
Synthetic base w a s  prepared using spectrographically 
pure chemicals to yield an  average composition of ash of 
coals f r o m  Nenana and Matanuska fields, ash shown in 
Table 2. 
Table 2 
COMPOSITION OF SYNTHETIC BASE MIX 
C o n s t i t u e n t  Weiqht Per Cent 
S i O Z  46.0 
NaC 1 
A f t e r  thoroughly mixing, the synthetic base was heated 
in a mu£ f le furnace at 1 0 0 0 ~ ~  for 3 hours. The synthetic 
base was f ~ r t h e r  ground f o r  use in the preparation of 
synthetic standards. Separate s t a n d a r d s  were prepared 
for volatile and involatile groups of elements. A l l  
s tanaards  were prepared using spectrographically pure 
chemicals. The de t a i l s  of preparation of standard mix 
for volatile elements is given in Tab le  3 .  
Table 3 
PREPARATION OF STANDARD MIX FOR 
VOLATILE GROUP OF ELEMENTS 
Compound Gravimet r ic  
E lenent  Used Fac to r  Weiqht Used 
Ga Ga203 1.3442 0.0672  
Pb PbO 1 . 0 7 7 2  0.0539 
Ag  Ag2O 1.0742 
Au HAuC14H20 1.9921 
Cu CuO 1.2518 
Ge GeZO 1.4408 
TOTAL 0.5347 
The standard mix has 9.352% of each of the  elements 
sought.  This was f u r t h e r  diluted step by step with approp- 
riate amounts of synthetic base t o  obtain  s t a n d a r d s  w i t h  
element concentrations of 10,000,  2,000, 400, 80, 16, and 
3.2 part per mi l l i on .  
For i n v o l a t i l e  group of elements the standards were 
prepared t o  contain only the  range of concentration of the 
elements encountered i n  t h e  ashes of coals s t u d i e d .  This 
was designed t o  a v o i d  preparation of excessive number of 
standards required f o r  the  wide range of concentration 
encounted between t h e  elements. Details of preparation of 
s tandards  are given i n  Table 4.  Table 5 g ive s  the range 
of concen t ra t ions  for which the methods are a p p l i c a b l e .  
The ranges shown, however, extend a l i t t l e  beyond the 
u s e f u l  range for quantitative a n a l y s i s .  A synthetic base 
w a s  used f o r  d i l u t i o n  of base mix 2 and subsequent d i l u -  
tions t o  obtain s t a n d a r d s  A ,  B ,  C ,  D, and E. 
RESULTS AND DISCUSS I O N  
The a n a l y t i c a l  r e s u l t s  a r e  t a b u l a t e d  according t o  
sample numbers. The sample l o c a t i o n  seam identification, 
ash  c o n t e n t ,  and mois ture  con ten t  of t h e  samples can be 
obtained by r e f e r e n c e  t o  Table N o .  1. Table N o .  7 ,  i n  t h e  
Appendix, shows the distribution of minor elements i n  
Alaskan coals ,  and represents a n a l y s i s  of whole coals on 
bed moisture b a s i s .  The concen t ra t ions  fo r  whole coa l s  
of sink-floated f r a c t i o n s  w a s  obtained by c a l c u l a t i o n  from 
t h e  a n a l y t i c a l  r e s u l t s  of float and s ink fractions, and 
bed mois ture  i n  whole coal. D i s t r i b u t i o n  of minor elements 
i n  coal ash is  given i n  Table N o .  9 in the Appendix and 
represent analys is  of ash  from whole coals. 
The minor element concen t ra t ions  i n  coal ashes, Table 9 ,  
from any particular coa l  field do not vary appreciably 
Table 4 
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10 to 1000 
0.5 to 400 
0.2 to 100 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
6 to 2000 
2 to 3000 
- - - 
Total Energy Method, 
PPM 
30 to 400 
10 to 200 
10 to 200 
200 to 150,000 
1.5 to 100 
10 to 5 00 
250 to 100,000 
5 to 1,000 
5 to 1,000 
10 to 5 00 
6 to 250 
30 to 300 
- - - 
15 to 400 
- 
al though the variation is  greater when t h e  values a re  
expressed as c o n c e n t r a t i o n  i n  raw c o a l  (Table 7 )  . T h e  
block-wise sampling of Nenana coals do n o t  show any 
systematic variation of concentration of minor elements 
across the t h i c k n e s s .  The No. 1 seam of Nenana coa l  
f i e l d  was.sampled a t  two l o c a t i o n s  and t h e  profile of 
minor e l emen t  c o n c e n t r a t i o n s  for t h e  two l o c a t i o n s  a re  
n o t  i d e n t i c a l .  T h e  observed small v a r i a t i o n s  i n  the 
d i s t r i b u t i o n  of minor elements  w i t h i n  a seam o r  seams 
in the coal f i e l d  cannot  be explained a t  t h i s  time except 
t o  a t t r i b u t e  the v a r i a t i o n  t o  the  a v a i l a b i l i t y  of the 
e l emen t s .  A cornparision of t h e  d i s t r i b u t i o n  of minor 
elements i n  v a r i o u s  c o a l  f i e l d s  o f  Alaska and of the 
major U .  S .  c o a l  f i e l d s  i n  t h e  lower 48 States i s  g iven  
i n  Table No. 8 i n  t h e  Appendix. 
It can be observed from Table N o .  9 t h a t  t he  concen- 
t r a t i o n  of minor elements  i s  lower i n  the a s h  of  low 
rank coals from Nenana, Kenai and J a r v i s  Creek field 
compared t o  h igher  rank coals from ?la tanuska,  Northern 
Alaska and Ber ing  River  f i e l d s .  Table N o .  1 0 ,  i n  the 
Appendix, gives t h e  average minor element c o n c e n t r a t i o n s  
i n  coal ash l o r  Alaskan c ~ a l s  and major c o a l  fields of 
lower 48 S t a t e s .  The concen t ra t ion  i n  Alaskan coal  
ashes fall with in  the range of three major c o a l  f i e l d s  
of the  lower 48 S t a t e s .  With a f e w  minor exceptions 
t h e  concentration of t r a c e  elements is l e s s  i n  the ash 
of low rank c o a l s  (Nenana, Jamis Creek and Kenai) 
compared to high rank coals (Matanuska, Northern Alaska 
and Bering River ) .  The same is true fo r  the three major 
f i e l d s  of the  lower 48 presented i n  Table No. 10 .  The 
low rank Northern Great Plains province coals show lower 
concentration compared to higher rank coals from the 
I n t e r i o r  o r  t h e  .Appalachian r eq ions  , 
The concentration of minor elements  i n  c o a l s  from 
Bering River f i e l d  (Table 9 )  are l o w  compared t o  other 
high rank coals but the  c o n c e n t r a t i o n  i n  coal ash com- 
pares favorably . 
Table No. 11 i n  t h e  Appendix shows t h e  concen t ra t ion  
o f  minor elements i n  the ash of float and sink f r a c t i o n s ,  
and percent  recovery of each element varies very widely 
from sample to sample. This would suggest that percent 
recovery of the elemtns i n  f l o a t  f r ac t ions  cannot  by 
itself be a sa t i s f ac to ry  c r i t e r i o n  f o r  determining t h e  
relative organic a f f i n i t i e s  of t h e  elements q u a n t i t a -  
t i v e l y .  The variation in recovering i n  f l o a t  f rac t ions  
was i n  greater part due t o  t h e  va ry ing  w e i g h t  percent 
sinks in the samples, The recoveries of  any single 
element f o r  various samples cannot  be averaged for this 
reason for ranking the  elements i n  terms of  o rgan ic  
affinity. 
The elements were t h e r e f o r e  ranked for each sample 
i n  the order of decreasing organic affinity, the highest 
recovery being for  the element w i t h  the greatest organic 
a f f i n i t y  . The , rank frequency distribution was tabulated 
f o r  each element. The final rank f o r  each element  was 
assigned t o  the  rank where the highest frequency occurs .  
Germanium w a s  determined only  i n  low rank coa ls  and had 
the highest recovery i n  all the samples analyzed and 
hence was assigned t o  t h e  p o s i t i o n  of highest organic 
a f f i n i t y .  Ranking of the elements  based on a l l  samples 
sink-floated (Table 11) gave the  order of decreasing 
o r g a n i c  a f f i z i t y  G e ,  V ,  Be, Co, Ni, Z r ,  Ba, Cr, Ti, Cu, 
G a ,  and Pb.  iiowever, using high ranking  coals from 
sample No. 57-75 the order w a s  t h e  same except  t h a t  the  
Q 
positions or' Cu and ,Ba w e r e  reversed ,  g i v i n g  G e ,  V t  Be, 
Co, Ni, Zr, Ba, Cr, Ti, Ga, Cu, and Pb. 
The concen t ra t ion  of t h e  elements  i n  the ash of 
f l o a t  f rac t ions  compared t o  t h e  ash  of s i n k  f r a c t i o n s  
could possibly be utilized for determining the r e l a t i v e  
o r g a n i c  a f f i n i t i e s  of  the  elements. Table No. 1 2 ,  i n  
the Appendix, g ives  t he  average concen t ra t ion  of the 
elements i n  the  float and s i n k  f r a c t i o n s .  Based on the  
r a t i o  of averzge concent ra t ions  of f l o a t  t o  s i n k  frac- 
t i o n s  the e l e z e n t s  were arranged as t o  organic a f f i n i t y .  
The order obtained was G e t  Co, V, B e ,  Ni, Zr, Cr, Ba, 
Ti, Ga, Cu, and Pb. Although t h e r e  a r e  some reversals ,  
the o rde r  of organic affinity obtained by the t w o  methods 
are in general agreement. To s a t i s f y  both results, w e  
can bracke t  some elements and obtain a new order of 
organic  a f f i n i t y  s e r i e s  as follows : Ge (V, Be, Co) , 
Ni ( C r ,  Ba ,  Zr) , Ti (Ga, Cu) , and Pb. Compared to the 
14 
order 02 o r g a n i c  a f f i n i t i e s  reported by Zubovic and o t h e r s  
( 1 9 6 1 )  l . e . ,  Ge, B e ,  Ga, Ti, V, Ni, Cr, Co, and Cu, the 
results ob ta ined  a r e  only In p a r t l a l  agreement. The pos l -  
tions of G a  and T i  are far removed. A reason could be the 
p o s s l b l e  presence of gallium i n  clay minera l s  and d e t r l t a l  
t i t z n l w n  rnlnerals wh ich  would report i n  t h e  s i n k  f r a c t i o n s .  
Another interesting obse rva t ion  that could be made 
£roc  Table No. 1 2  is that the c o n c e n t r a t i o n  of minor el€- 
mentc Ln t h e  a sh  of f l o a t  and  s x k  fractions of a sample 
are ?ot very d i f f e r e n t  f o r  low rank coals  of Nenana, Jar:-1s 
C r e e k  and Kenai coa ls .  The h i g h e r  rank coals of Matanucka, 
Berlnq R i v e r  and Northern Alaska show much higher conceE- 
t r a t l o n  of minor elements I n  float a s h  compared t o  sink 
a s h .  
I t  appears a q u a n t i t a t i v e  e v a l u a t i o n  of r e l a t i v e  
organic  affinities of t h e  elements based on c o n c e n t r a t i o ~  
in float and sink f r a c t i o n s  can on ly  g i v e  a generalized 
p i c t u r e .  A l l  t h e  minor elements studied are  too low i n  
concen t ra t ion  t o  be of economic va lue  a t  t h i s  time. Pre- 
l iminary  a n a l y s i s  showed that the  coals of Nenana and 
Chickaloon areas merit f u r t h e r  i n v e s t i g a t i o n  on t h e  dis- 
tribution of gold and s i l v e r .  
SUMMILRY AND CONCLUSIONS 
S umma IX 
Seventy-five coal samples were c o l l e c t e d  from various 
coal f i e l d s  in Alaska and the ash was analyzed fo r  lead,  
gallium, copper ,  barium, beryllium, nickel, t i t an ium,  
vanadium, z l rconium, ccbalt , chromium, germanium, and 
t l n .  Q u a n t i t a t i v e  spectrochemical methods were used 
f o r  t h e  analysis. O t h e r  elements of significance t h a t  
were kdenticied from the spectrograms of t h e  various 
samples were,  gold and  s i l v e r ,  d e t e c t e d  i n  N o .  2 seam 
from Nenar~a field and s i l v e r  i n  coals from Chickaloon 
a rea  i n  t h e  Matanuska f i e l d .  For ty-one samples were 
sink-floated to obtair. a lo-.ier d e n s i t y  organic  ( c o a l )  
f r a c t i o n  and a higher densl::~ inorganic (shale) fraction 
The two Eract ions  were  ashee and analyzed t o  s tudy  the 
distribution of the eiements between organic and i ~ o r -  
ganic phases of the coals. Analytical results a r e  
presented a s  concen t ra t ions  of  raw coal, r a w  coa l  ash, 
and ash of float and slnk Eract ions.  Recovery of the 
elements in float f r a c t i o n s  -,dere c a l c u l a t e d .  
Conclusions 
Although none oE the elements analyzed were in a 
high enough. concen t ra t ion  to be of economic significance 
by p r e s e n t  day standards, ever  i n c r e a s i n g  demands f o r  
there elements will n e c e s s i t ~ t e  s e a r c h  for a l t e r n a t e  
sources. It i s  therefore necessary to have such data 
a v a i l a b l e  t o  m e e t  the f u t u r e  needs. H o w e v e r ,  a d e t a i l e d  
study of t h e  d i s t r i b u t i o n  of gold and si lver in Nenana 
and Chickaloon coals mer i t  f u r t h e r  de t a i l ed  s tudy .  
The concentration of t race  elements in Alaskan 
coals fall in ranges found for  coals ,in the lower 48 
S t a t e s .  The organic a f f i n i t y  series obtained from per- 
c e n t  element associated w i t h  floats and a l s o  f r o m  the  
ratio of concen t ra t ion  i n  float and s i n k  ash w a s  G e ,  
( V ,  Be, Co), Ni, (Cr, B a ,  ~ r ) ,  T i ,  ( G a ,  Cu), and Pb. 
The c o n c e n t r a t i o n  of minor e l emen t s  is higher i n  t h e  
ash of float f r a c t i o n s  compared to s i n k  ash i n  h i g h  
rank coals. The low rank coals showed only minor in- 
crease in concentration in float ash. 
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TABLE 7 CONCENTRATION OF MINOR ELEMENTS IN ALASKAN COALS ( C o n t i n u e d )  
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TABLE ll DISTRIBUTION OF MINOR ELEMENTS IN THE 
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AVERAGE MINOR ELEMENT CONCENTRATION IN THE ASH OF 
FLOAT AND SINK FRACTIONS 
-Hot Determined 
